
Prof. R. A. Fessenden in his laboratory.
shown at left.
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the middle of December,

ahero returned from
an American Inventor,

Irof. It. A. Fessenden, who re-

ported to his associates' In the Subma-
rine "Signal Company of Huston, Mass.,
that one of the great Kuropean
Powers (I am not nt liberty to say
which one), after thorough tests, had
decided to equip several of Its battle-
ships with the Fessenden electric os-
cillator, an Instrument that promises
to change the conditions of nnvul war-
fare, especially the relations of bat-
tleships and submarines.

Ho announced, furthermore, that an-
other great Power was In active nego-
tiation for this American Invention,
the practical value of which will prob-
ably bo demonstrated with startling
effect la one of the nt sea
battles.

Not only .will this electric oscillator
be of Immense Importance In time of
war, but It bids fair to render still
rreater service in time of peace by In-

suring ships against collisions at sea!
either with one another or with Ice-
bergs. Recent tests by tlie United
States revenue cutter Miami demon-
strated this latter point In a memor-
able cruise through the leelierg region
off tho hanks of Newfoundland dur-
ing the month of April, 1914.

To put It simply, this Fessenden
In a submarine sounding ap-

paratus that sends Its signals through
the water, not through the air. one re-
sult being that these signals travel
more swiftly than they would through
the air, since sound moves through
water at the rate of 4,100 feet a sec-
ond, while through the air It moves
at the rate of only l.lno ftet n second,

All seafaring men know the
of sound warnings

sent through the air frotn steam
whistle. or steam sirens. Thece
warnings are often unheard even ata very short distance, say one mil.
or less, owing to adverse wind s,

or to disconcerting "holes In
the air," or to unfavorable reflections
or shippings of the sound from the
water's surface. For this reason sub-
marine be'.ls have for years been used
mith excellent results on lightships
and buoys, and to some extent on
moving vessels, their warnings being
transmitted for miles through the
water.

In fact it was in trying to extendthe usefulness of these submarine
bells, especially In connection withships, that Prof. Fessenden evolved
his present electric oscillator andsolved the whole problem of protect-In- g

vessels from collision at sea. Missystem of submarine signalling isreally n Jtlnd of water wireless, des-
tined, perhaps, to as important a de-
velopment .s the aerial wireless.

A few weeks ,. ut(m , 1!u)
tnlk with pi of. Fessenden about ,h.s
Invention at the factory of the e

.Signal Company, a grimy and
resounding . stabllshment. the birth-Plac- e

of submarine bills, scores of
which are now clanging forth theirwarnings under the sea, electrical o
pneumatically, on buoys or lightship
spaced along tho perilous omitifringes of many lands.

I found the professor In a laboratory
room filled with strange apparatus,
electrical instruments, a model uf his
Improved iceberg detector and various
other indications of an iiucnt.ve mind.

All his life Prof. Fessenden 'has been
an active explorer in new th Ids of
Knowledge. Fop years ho was asso-
ciated with Thomas A. Edison, lie
was one of the pioneers in wireless
telegraphy, and his system of wireb ss
transmission Is used in the great Ar-
lington towers at Washington. I). C.
Also his system of electric power
transmission was used by the Canadian
(iovernment in distributing the energy
of Niagara Falls through the Province
of Ontario. For years he was profes-
sor of electricity and physics at the
University of Pittsburg. I have never
nut n man more k.enly Interested In
morn different kinds of things.

In one corner of tho factory, In a
fenced off space, we came to title new-
born oscillator, a smallish metal affair,
no bigger than a sewmg machine, with
many copper parts for the electilcal
connections and' u drumhead of solid
steel, twenty-tw- o Inches In diameter
and five. eighths of nn Inch thick, Clint
vibrates astonishingly under the elec-
tric current and gives forth a sound
of terrifying loudness.

"Would you like to hear It?" asked
the professor. Then turning to an
assistant, "Arc you ready V"

Electrical ice detector

He switched on a buzzing generator,
adjusted a rlheostnt, pressed a black
key, whereupon "Whoo-oop!- " the
thing barked at us suddenly like nn
angry cnliope. and the tone persisted
as long as the key was held down. A
shift of the rheostat handle brought
a current of greater frequency and
the tone rose to a piercing shriek.

Another turn and the shriek was
deafening. Louder and shriller
screamed the quivering drumhead ns
the scientist manipulated the rheostat
handle In the manner of n motorman
speeding up his trolley car. The whole
factory resounded. I covered my ears
nnd waved for mercy.

"Hut It will be unendurable on n
ship, a thing like tihat. sounding nl'
the time," Isald.

The Inventor shook his bend. "When
you hear the oscillator sounding on a
vessel you will scarcely notice It. Here
we are right at tilie source of the
sound, but on n ship the osclHntor Is
deep down 'In the hold and Is sub-
merged In water. You will see."

Prof. Fessenden then showed me a
gray steel tank like a big bathtub, with
end made of steel plates, such as

In battleships. Experiments have
been made with this tank tilled with
Water nnd the oscillator welded to one
end. so that the vibrations pass
through the liquid.

"When we sound the oscillator In
this way," he said, "the water In the
tank Is thrown Into n state of ex-

traordinary agitation, so much so that
If you dipped your hand In during the
experiment it would be hurled out
violently nnd painfully. I scarcely
know whether this shock is physical
oi electrical. It is due to the fact
that uriiler the rapid and powerful Im.
pact of the vibrating end plate the
mass of liquid i literally squeezed
together about a thousandth of nn
Inch for each vibration and then torn
apart. One thousandth f an inch Is
an enormous amount when you reilect
that water Is practically Incompres-
sible. It is almost as if the atomic
structure of the water d been
twisted or distorted."
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Exterior view of

"Would these vibrations be trans-
mitted through tho water to a con-
siderable distance'.'" I asked.

"To a very iMiisiderable distance.
Wo have already received them nt a
distance of thirty-tw- o miles, but that
Is only n beginning like the first
wireless message sent across the Eng-
lish Channel, which seemed wonderful
fifteen years ago, but Is nothing to-

day."
"Do you think It Will be possible to

transmit these water vibrations over,
say, a hundred miles?"

"I have no doubt of It, perhaps sev-
eral hundred miles, with larger oscil-
lators and more powerful currents."

"And you will be able to send rues-sag-

In tills way tlunugli the water
Itself, with no wires or cables?"

"Exactly. It Is simply a matter of
making tho oscillator tout out dots and
dashes according to the code. Now,
you see the Importance of these ool-lato- rs

In naval warfare, for n battle-
ship equipped with such Instruments
can talk to Its own submarines while
they are miles away and submerged
and can actually direct their move-
ments against nn enemy's vessel."

"It's a revolutionary development,
Isn't it?"

"You are not the first one to express
that opinion," smiled tho professor.
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the electric ear.

Some l..g authorities think It will
change uur whole naval Mrategy."

"Mill this has never been actually
accomplished, has It, tho control of
submerged submarines from a battle-ship?- "

"Not yet, but l soon Will be accom-
plished. Wo have already put oscilla-
tors on several American battleships,
on the Wyoming, tho Delaware, tho
t'tali, the Florida, and on four of the
United States submarines tho 1

and D-- the K- -l and lv-- l! and wo
are now installing tlierii on battleships
of a great foreign Power."

I asked about the method of listen-
ing at a distance to these water wire-
less signals, and Prof. Fessenden ex-
plained that this may lie dono In a
temporary way with the help of a mi-
crophone lowered, for instance, from a
lightship or from a vessel at anchor.
This microphone is connecti.! with an
ordinary telephone headpiece, through
which a listener on the deck may hear
signals sent through tho water by an
oscillator miles away.

"As a permanent listening arrange-
ment," continued tho Inventor, "we
use the oscillator Itself, which Is
really .a kind of telephone, I'll show
you what I mean, Suppose you say
something, unythlng yuu please, to

the .
another and 1 recited, "Mary
had a lltle lamb" to tho oscillator and
then counted slowly up to nine.
Whereupon I heard tho Inventor's
voice Issuing distinctly from the disk
of steel and repeating word for word
w hat I had said.

Standing in the next room, ho bad
heard my remarks to the steel
diaphragm through a telephone con-

nection and had spoken b.u U to mo by
this telephone. In other Words, the mi-

nute vilitMtlons of my voice and of his
voice had been sutllclcnt to set that
thick metal plate quivering so that
audible words wero transmitted
through It In either direction.

"So you see," resumed the profes-
sor on his return, "a vessel equipped
Willi a set of oscillators may use them
both for sending and for receiving."

"Does a vessel need more than one
oscillator?"

"Yes, It needs two, like two ears,
one on either side, which nllows It to
fix the direction frotn .which a signal
comes, This Is dono by a delicate In-

strument that takes account of differ-
ences In tho intensity of given sig-
nal ns heard by tho two electrical ears,
mm of which, on tho more favorable
side, hears tho signal more distinctly
than tho other. A ship's olllcer lias
only to adjust this instrument and
then rend off on n dial the exact point
of the compa rs from w lich tho signal
come.."

"Then a b.ittle.sliip, as It receives
water wireless signals from one of Its
own submerged submarines, could tell
In what direction that submar no Iny?"

"Within ft few degrees, yes. In such
experiments our errors In fixing tho
direction have not usually exceeded
half a point of the compass,"

"How about distance of a sub-
merged submarine from a

tho battleship tell that?"
"Yes iby the Intensity

of tho sound received, for of coin-n- the
oscillator's loudness grows less ns tho
distance IncreaMes. Thero will bo a

"Listening Oscillator" Enables Battleship to
Submarines Many Away Detects Attack

by Hostile
distance Indicator with ft llal gradtt-nti'- il

In thousands of yards, and an
olllcer will read off theso distances In-

dications Just as ho notes thu points of
tho compass. Besides this, a battle-
ship will get precise Information from
tho submarine herself I mean a
friendly submarine by talking with
her In code, by arklng questions as to
her speed, direction, dlstnnco below the
surface. &c."

"your invention increases the ter-
rors of tho submarine?" I continued.
"It leaves thu dreadnought practically
helpless?"

The professor shook his head. "That
Ik true for dreadnoughts not equipped
with osclllatorH but for others that arJ
able to listen with electrical ears the
subniarlno becomes far less formidable.
Tho oscillator makes It possible for a
ship's officer to hear tho propeller
movements of an enemy's submarine
while It Is miles away. With our ex-
isting apparatus we can detect hucIi
propeller Hound.1-- ai ft dlstnnco of two
miles, and wo have a sound amplify-
ing device that will extend this! dis-

tance to live miles or more."
"Does that mean safety for battle-

ships from submarine attack?"
"A great measure of safety, yes."
"Then those three British crulsern

that were sunk by German submarines
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Fessenden the

could have escaped If thoy had carried
these listening oscillators?"

"Unquestionably."
"What would they have done?"
"As soon as they heard tho propeller

noises of tho attacking; submarines,
which would have been some tlmo be-

fore tho ellernian were
launched, they would have changed
their courses and gone ahead nt full
speed. That would have baffled the
enemy, for submarines are slow going
craft and only dangerous when their
presence is not suspected. It is even
possible that the British cruisers,
knowing by dial indications tho ap-
proximate distance and direction of the
submerged (ierman vessels, could have
destroyed them by launching tor-
pedoes of their own."

startling In Its bearing on
tlie present war is tho theory ad-

vanced convincingly by the Submarine
Signal Company that tho German raid
on the east coast of England In

could never have taken place
if British dreadnought. and ts

had been equipped with
listening osiillir.ots.

An Illustration of tlie fact that the
propeller and engine sounds of a sub-
merged submarine may be detected by
a distant vessel running along the
ocean surface furnished several
years ngo when the Submarine
Company actually demonstrated the
thing in Newport harbor at the re-
quest a United States naval r.

"Do you mean to tell me," asked
tho Incredulous officer, "that If one of
our submarines submerges nnd runs
back nnd forth out of sight on the
lower levels you can hear her In a
vessel at tho surfueo and follow her

by means of your listening appara-
tus?"

"Certainly wo can," said tho signal
man. "Go ahead and sink your sub-
marine. "I'll show you."

So they made tho test nnd for sorno
tlmo n swift launch equipped with
water wireless microphones circled

nd zigzagged about Newport harbor
guided by sounds from tho depths
picked up and magnified by tho elec-
trical cars.

"You'ro wrong! You'vo lost her,"
declared tho ofllccr presently. "Tho
submartno Is nowhere near here. I
know tho course she was to take."

Tho signal man Insisted ho wus
right, however, and a little later the
subniarlno oamo to tho mirfaco nt the
very spot Indicated by tho listening
apparatus. Tho officer was mistaken

and convinced.
Before coming to some remarkable

tests of tho Fessenden oscillator mado
by tho United States Navy In the sum-
mer of 1914 on two of Its submarines,
It may bo well to mention other tests
during tho preceding year, which show
tho difficulties nnd disappointments
that often attend the development of
a great Invention.

Tho summer of 1913 found all going
well In tho laboratory experiments and
It was decided to try tho oscillator
practically on a large vessel. Arrange-
ments were accordingly made with tho
United States Navy authorities and os-

cillators were placed aboard the
battleships Delaware nnd Wyoming,
and extensive tests were mado In
August nnd September during tho
Fisher's Island manoeuvres.

Later In tho samo year oscillators
were placed aboard tho submarines
D- -l and D-- 2 and tests wero mado at
Hampton Itoads off tho Virginia capes.
Much tlmo and effort wero consumed
In these experiments and high hopes
wero raised, but when the final
achievement was considered tho result
was found to be unsatisfactory. Tho
signal did not carry to tho expected
distance and, on tho whole, tho new
oscillators were not round superior to
tho old submarine bells.

Disappointed and perplexed, yet con-
fident that his basic Idea wus Bound,
Prof. Fessenden went back to the fac-
tory for weeks of further Investiga-
tion. What was the matter? Why
had his oscillator signals carried only
three or four miles, when they should
have carried fifteen or twenty miles?
Why?

Suddenly the answer flasht-- out of
the turmoil In the Inventor's brain.
He saw that the oscillators had been
welded fast Inside the fcteel skin of
the battleships and Inside the steel ribs
of the submarines, with the result that
they been forced to Ibrate

have gune

this went ..
room

the.

The oscillator as installed in bottom of the fore

torpedoes

Not less

was
Signal

of

had

against masses of restraining nietal
that were not In the same pluu-- or
period of vibration with themselves;
In other words, the oscillators were
out of tune with these steel plates and
steel ribs, consequently their vibra-
tions sulTer. d a great drag In passing
through thl. opposing steel skin, and
were much weakened when llnnlly
they struck the water.

The remedy lay In attaching tho
oscillators to steel plates that would
vibrate In unison with them. Accord-
ingly a properly tuned steel plate In
the form of a disk was made and

to the oscillator, this being tho
Mcel drumhead alreaih described.

A new demonstration of tills modi-
fied oscillator was made In Massachu- -

tt. lt,i toward the end or .lamiary,
1911. All old wooden wrecking tug,
the Susie D was equipped with a
steam turbine and generator for fur-
nishing current to the new oscillator,
also witli a derrick and boom fur low-
ering the heavy apparatus into the
sea. A switchboard was set tip on
deck, and when everything was ready
and the weather favorable the Susie
l. was moored fast to tire Boston
lightship at the mouth of the harbor.

Then a powerful ocean going tug,
the Niponsct, with Prof. Fessenden
and .1. F. Perkins, of
tho company, and assistants aboard,
steamed out Into the ocean to see how
far away they could pick up the slg-ria- ls

with their microphone receiving
apparatus, it was after o'clock
when they flatted, and tho under-standin- g

was that Mr. Vans, the send-
ing operator on the Susie D., would
keep his oscillator tooting twice a min-
ute for live hours.

Two miles out the Noponset stopped
her engines and the microphones were
lowered Into the son. It was Impos-
sible to listen while the tug was inov- -

lng because of tho slap of thn wavos
nnd the Interefi renco of foreign
noises. As tho boat came to rest Prof.
Fessenden slipped on tho teh p'i ,no
luud set nnd listened.

"Tooooooot-toot-to- " c,im tho
signal, nnd again after lnf a m mne,

"

"Fine!" beamed the Invent. r He',
Bending D W's. It's clear ns a '

At four miles they stopped nea ir,
listened, then at six imhs, " i, at
eight, then nt sixteen, and Hi , at
twenty-fiv- e miles. Kadi tune t

mils from tin1 Susie D. were hear l d..
tlnctly. Every one of the party biard
them, there was no doubt of it

"At sixteen miles and nt twrnn-ih- e

miles." said Mr. Perkins, rel.i' g rh
experience, "tho signals were s ,;un
that you could hear them w.t, the
telephono receiver a foot wiy ft im

your ear."
Coming to tho general future .f this

Invention Its many advantages it ure
Its wldo adoption on vessels .f nit
sorts. In fogs and duruers ' ihe
night every ship will sound its culo
letter two or three times a tti i ite
thus revealing Its Identity to "rship miles away. And the i on
ami distance of each eel vv be
mado known by the uuttnat A nK

of an. electric needle mounted beside
the compass the gritr the .v rig
on n graduated dial tho h s i1 .

tnnce.
This means no more coH.sinn l.ki

that on tho St. Iiw rente, Vn tl.e
Empress of Ireland went down. The
Empress of Ireland would have lWn
talking that night to the other sh.p,
listening to her signals and steering
accordingly. If they had loth .trried
water wireless oscillators.

As to Icebergs, the echo method In-

sures safety, since It Indicates dis'.,r.oe
and direction, as already expla.ned
The Titanic would have known (by
nn electric Indicator) the precise direc-
tion and distance of that tragic Ic-
eberg while she was still three miles
from danger.

As to the perils of shoals and reef?
along regularly navigated cuas's it is
plain that n line of oscillator station?
placed at. Intervals, as Hghthnuv anl
bell buoys are placed, ami soiiril.ne
forth water wireless code sicnalt. at
brief Intervals In kid wentlur r at
night would create a contln i .sly
sounding zone of safety, reach.' .g ten
or twenty miles out to sea. and mak-
ing It practically Impossible for . 'a

to drive upon the rock..
During my stay In Boston I

netsed u demonstration of tins imp r- -

peak of the coal bare De

tant submarine ;un r. n

loail' an oceangoing col! '

crcux, a long iron m st
down the coast to N it...
questionably the ni 'st --

Her in existence, be.ng oi
three oscillators and '.

for sending and reteivi'u w

less messages.
I stood In the captain --

Deveretix, beside
Operator Damn

water wireless n.'
through the depths ..t
bor out to the tiu
.lenklns listening mi' --

microphone overboard
into the sea bi on,l i

brass wheel nnd the '

switch connected h.m
other of the oscilla'oi
at a time. Price g! m
meters and ammeters. '

i.
key.

"TllOOOOOOOO-tO.'t- "' '

one of the steel drip! '

feet below the water
on deck It was like i

whistle, rather low p '

leally pleasant, but a S.
known as Charley, wi '

dive overboard while
was sounding, deel ir, .1

split III. "noodle. ' A",

greatly intensified un.. w

Darkness was conui i.

barge with her red an I '

steamed past the spar ! i '

Hock and came nbrei-- t u:
light, and I reflected t'ii'
vessels lying about u wit
they had ever been m

the sea because of (ln .' u
(Cnnililllht, 191,".. h ''"
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